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For sustained production, organic agriculture depends on plant needs being 
synchronized with the release of nutrients from organic amendments during 
decomposition within the soil. Because decomposition is strongly dependent on soil 
moisture and temperature, nutrient needs may not always be met as planned or 
synchronous with plant need. Unlike conventional agriculture, fast acting amendments 
are not readily available. Much of the evidence that vermicompost benefits crop 
production comes from studies on seed germination and production of starts in 
greenhouses. Yet, there is a dearth of information derived from field studies. Soil, soil 
and water nitrogen, plant development, and marketable yield were investigated by 
implementing field plot trials with both starts grown in greenhouses (Experiment 1) and 
directly seeded (Experiment 2) crops to test hypotheses on fertility, economics and 
environmental impacts. 
Results from Experiment 1 showed that plant production was dramatically 
increased both in the greenhouse as well as subsequently in the field for vermicompost 
treatments and directly correlates to economic differences.  Results from Experiment 2 
show that plant production differences between compost treatments vary by site.  There 
was no significant difference in soil and soil water NO3-N, NH4-N and Total Inorganic 
Nitrogen (TIN) among treatments, site or experiment.  The timely rate of plant 
development in greenhouse started VC treatments shows great potential to be the first 
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CHAPTER 1: COMPREHENSIVE LITERATURE REVIEW 
1.1 Introduction 
1.1.1 Identifying the Problem 
Commercial vermicomposting is relatively new in Northern New England and 
little is known about the effectiveness and economics of field crops amended with 
vermicompost.  For sustained production, organic agriculture depends on the plant needs 
being synchronized with the release of nutrients from organic amendments during 
decomposition within the soil. Like conventional agriculture, organic agriculture also 
requires nutrient inputs because harvest and other nutrient losses lead to a reduction of 
fertility. Unlike conventional agriculture, organic fertility management has to be planned 
well ahead of when plants need the nutrients. For example, inputs of composted materials 
will produce plant available nutrients through decomposition and mineralization only 
after a time. Because decomposition is strongly dependent on soil moisture and 
temperature (Sierra 1997), nutrient needs may not always be met as planned or 
synchronous with plant need. Yet, plant nutrient deficiencies that result must be 
addressed to maintain an economic level of yield. Unlike conventional agriculture, fast 
acting amendments are not readily available under organic practices.  
Until recently, organic farmers could utilize sodium nitrate as Chilean nitrate 
(CN) to mitigate early nitrogen deficiency (Guthman 2000). As of October 21, 2012, CN 
was to be no longer certified in organic production in its entirety due to the sunset 
provision in the Organic Foods Production Act of 1990 (OFPA 1990). Currently, Chilean 
nitrate is allowed in organic production to meet up to 20% of the crop nitrogen needs due 
to its significance and economic impact; however it is likely a short-term reprieve. In the 
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interim period, sodium nitrate is not considered a prohibited substance (USDA AMS 
NOP, 2012).  While not on the list of prohibited substances, farmers still have to maintain 
or improve soil quality, as mandated through organic standards.  Decertification of 
Chilean nitrate leaves a significant gap in organic fertility management in particular 
where wet and cold spring weather conditions may prevent timely decomposition and 
mineralization of organic amendments and cover crops.  Farmers are looking for viable 
and economic substitutes for Chilean nitrate.  Because of its high nitrogen content 
(Atiyeh et al. 2000; Frederickson et al. 2007; Lazcano et al. 2008), particularly nitrate, 
vermicompost (VC) may be able to fulfill the function of Chilean nitrate as a starter 
fertilizer.  However, it needs to be recognized that Chilean nitrate is a 16-0-0 fertilizer 
with most of the N being nitrate.  Vermicompost in contrast has between 2 and 4% total 
N, but only 0.5% of dry weight is nitrate; while this is high for compost it is only a 
fraction of the nitrate in Chilean nitrate. 
 
1.1.2 Potential Solution 
Vermicompost (VC) is becoming an alternative to thermophilic waste composting 
(TC).  The use of vermicompost, however, is restricted to special applications by its high 
price (Jha & Jana 2009).  Vermicompost may be a good starter fertilizer because of its 
high available nutrient content.  It exceeds the nutrient content of its thermophilic 
counterpart overall but specifically in nitrate and available calcium (Frederickson et al. 
2007; Tognetti et al. 2005) so it may be a good starter fertilizer.  Earthworms bias 
nitrogen speciation towards nitrate, which is a highly mobile and available form.  VC 
may thus be an organic, fast acting amendment that remedies nutritional deficiencies in 
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early growth, acting as an alternative to Chilean nitrate.  Although vermicompost has 
been much researched as an amendment to greenhouse growing media, little is known 
about its effectiveness in field applications. 
The cost of VC may be offset by the additional services it provides beyond soil 
fertility. These include prevention of disease (Gopal et al. 2009), increased germination 
rates, and resilience to pest outbreaks (Arancon et al. 2007).  While we do not directly 
test for these, they may be expressed in greater yield and thus in the economic analysis. 
VC has been shown to increase yield in greenhouse crops (Arancon et al. 2003).  
Additionally vermicomposting is aligned with sustainable agriculture practices.  
Our goals are to test that VC can prevent early season nutrient deficiencies; to 
measure nutrient leaching and to compare cost and benefits of using VC.  In preliminary 
trials with spinach we found that VC produced greater germination rates and longer, 
deeper roots, as well as lower incidence of N deficiency.  We found that the effect of VC 
was greater on the plots that experienced more drought suggesting that VC may impart 
some drought resistance to the agroecosystem perhaps through improved water-holding 
capacity (Gutierrez-Miceli et al 2007).  
Much of the evidence that VC benefits crop production comes from studies on 
seed germination and production of starts in greenhouses (Bachman & Metzger 2008; 
Surrage et al. 2010). Yet, there is a dearth of information derived from field studies. We 
propose to implement field plot trials with both starts grown in greenhouses and directly 




1.2 Background Information 
1.2.1 Organic Waste Management 
As world population and industrialization is increasing worldwide, organic waste 
management is of growing concern. The problem is further exacerbated by urbanization 
(Hoornweg and Ghada-Tata 2012).  Solid waste is produced on all scales from municipal 
(water treatment), institutional (hospital, schools and restaurants), industrial (paper waste) 
and agricultural (animal manures and silage by product) to smaller production as 
household and kitchen scraps.  Much of this waste is currently being incinerated or 
disposed of in landfills which requires large area and does not allow for complete 
decomposition of organic wastes resulting in volatilization of greenhouse gases and toxic 
chlorinated compounds (Vogg et al. 1987).  Environmental regulations such as Vermont 
Act 148 strives to improve the rate of diverting organic waste from landfills in a 
sustainable manner; specifically banning leaf and yard residuals by 2016 and food 
residuals by 2020 via collection facilities.  Developing “closed-loop recycling”, a system 
that reclaims and reuses materials in the production of a new product requires 
development of technologies and facilities to manage organic waste as a valuable 
resource (VT Act 148 2012).  
 There is great environmental concern for the application of wastes rich in organic 
matter that may require prior treatment for managing soil fertility, water pollutants and 
health hazards. Composting and vermicomposting have repeatedly been shown to 
significantly reduce pathogens, stabilize contaminants and minimize greenhouse gas 
emissions (Tognetti et al. 2007; Maso & Blasi 2008; Lazcano et al. 2008; Srivastava et al. 
2011; Boulterbitzer et al. 2006; & Saebo & Ferrini 2006).  The technologies and 
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applications of vermicomposting have shown a great management strategy for dealing 
with organic wastes produced on all scales; by creating an economically viable product 
that can be used as a fertilizer or soil conditioner in the agricultural industry.   
 
1.2.2 Soil Nitrogen 
 
Figure 1.1: Reactions of Nitrogen in the Soil (Smith et al. 1983).  
 
Seventy-eight percent of the atmosphere consists of N2, which is inert and not 
usable by plants although it can be fixed in this form by bacteria that are symbionts with 
leguminous plants.  Soil organic matter is about five percent organic nitrogen (Baties 
1996) and is thus the largest biologically active terrestrial stock (Jenkinson 1990).  Soil 
nitrogen is found in two forms: organic or inorganic nitrogen.  Nitrogen uptake by plant 
roots occurs with the inorganic nitrogen (Brady & Weil 1999). The nitrogen cycle 
explains the fluxes and fate of different forms of nitrogen in the soil profile (Figure 1.1).   
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Nitrogen is the building block of amino acids and proteins that supply food to 
microorganisms as well as plants for growth and development. Dark green leaves, 
increased ‘plumpness’ in grains and increased protein in seed and foliage are plant 
responses to fulfilling nitrogen requirements.  Nitrogen deficiency can result in chlorosis 
(yellowing of vegetation), stunted growth, and thin, leggy stems.  When nitrogen is 
introduced to a deficient soil the nitrogen uptake goes to new growth of the plant causing 
the old leaves to turn yellow.  An oversupply of nitrogen results in a weak, top-heavy 
plant with increased disease potential (Brady & Weil 1999). 
Ninety-five to ninety-nine percent of soil nitrogen is organic which is unavailable 
to plants however is less mobile to be lost in the soil profile. .3-1.5% of organic nitrogen 
can potentially become available to plants and at risk for leaching.  For nitrogen to be 
available to plants it must convert organic nitrogen to inorganic nitrogen ending in a final 
step called mineralization. Microbes break down amino compounds, organic nitrogen, to 
form ammonium ions (NH4+), inorganic nitrogen, via enzymatic processes. 1.5-3.5% 
organic nitrogen mineralizes naturally each year.  Immobilization on the other hand 
converts mineral nitrogen to organic nitrogen and is dependent on the C:N as the 
microbes require more nitrogen because there is not enough available in a high C:N soil 
(Brady & Weil 1999). 
Nitrification is an aerobic process (favors well drained soils) that occurs when 
ammonium is oxidized by nitrosomonas bacteria to form nitrite, which is then oxidized 
by nitrobacter bacteria to form nitrate.  The conversion from nitrite to nitrate is relatively 
quick under the right circumstances, which is good considering nitrite is toxic to plants.  
When the soil reaches anaerobic conditions NO and N2O, greenhouse gases, can be 
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formed. Denitrification is an anaerobic process that occurs by heterotrophic bacteria 
converting nitrate to NO, N2O, or NO2 and then to N2 (Brady & Weil 1999).  Another 
pathway of denitrification to N2O occurs during nitrification under aerobic conditions 
(Anderson and Levine 1986). 
Ammonium is more readily held in the soil profile to cation exchange sites, i.e. 
negative charges on clay and organic matter surfaces.  Nitrate, a negative ion, on the 
other hand is more susceptible to losses by leaching and denitrification (Brady & Weil 
1999).  Nitrate leaching may also cause increased soil acidification (Ulrich 1986) and co-
leaching of Ca, Mg, and K (Horswill et al. 2008). Nitrate leached to ground water is a 
danger to drinking water and aquatic ecosystems. Crops only take up a portion of soil 
mineral nitrogen and the rest is potentially lost; however, maintaining higher organic 
matter and planting cover crops can prevent it.  Therefore, timing and sources of nitrogen 
inputs are key.   
The highest risk of leaching is in early spring and late fall when plants are not in 
their most active growth stage and not using water or nitrogen to their fullest and nitrogen 
leaching is a concern. The key practices for managing soil nitrogen are building soil 
organic matter, maintaining a vegetative cover, and regulating soluble nitrogen as the 
plant needs it.   
 
1.2.3 Thermophilic Composting 
Thermophilic composting is the process of decomposing organic materials by the 
aerobic action of microorganisms.  Organic matter is degraded into ‘more stable, 
humified forms and products such as CO2, H2O, ammonia, nitrate and methane releasing 
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heat as a metabolic waste product’ (Frederickson et al. 2007). The heat generated 
increases temperatures to 45-65oC, which causes the destruction of pathogens and weed 
seeds (Goyal et al. 2005). Aeration is required for supplying oxygen to microorganisms 
and for reaching thermophilic temps. By managing the oxygen and moisture content of a 
pile, an environment conducive to enhancing beneficial microorganisms can be created 
which in turn facilitates the manufacture of a high quality, pathogen-free end product. 
 ‘‘The most important factor in composting systems” is aeration (Diaz et al. 
2002). There are three common methods to manage the supply of oxygen for 
microorganisms.  Passive aeration involves installing ducts under compost piles that then 
increase the convective force created by the temperature difference from the surrounding 
air and the compost pile drawing air into the pile. Active aeration involves installing 
ducts under compost piles with a fan pushing air through piles. Lastly, forced-turned piles 
require physically turning the pile over time to allow oxygen into the pile. Too much 
aeration cools the compost and leads to nitrogen losses as NOx volatilizes into the 
atmosphere while too little aeration prevents thermophilic temperatures (Barrington et al. 
2003).  
Forced turned piles (i.e. windrow composting) can convert raw organic material 
into a mature compost in as little as 60 days given the appropriate operating conditions 
are met. This manual turning of material is labor intensive, requires specialized 
machinery, requires additional space, and creates air pollution (Tiquia & Tam 1998). 
Therefore, other technologies that can reduce the labor input and mitigate environmental 
concerns must be further explored.  Also, the amount of time to convert raw organic 
material into a stable, humified substrate can be optimized for efficient management 
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practices.  Bulking agents such as wood chips, straw, peat, or sawdust are often mixed 
with the organic material to give the preferred initial C:N ratio, and the required open 
structure that ensures adequate aeration. 
At maturity, thermophilic compost has approximately 1-4% nitrogen most of 
which is in organic form.  Nitrate and ammonia are only a fraction of compost nitrogen.  
The C:N ratio at maturity is between 15-20 depending on feed stock and processing 
parameters (Tognetti et al. 2007). 
  
1.2.4 Vermicomposting 
Vermicomposting uses epigeic earthworms, such as Red Wigglers (Eisenia fetida) 
to decompose farm, food and animal wastes. The resulting compost is high in available 
nitrogen and has C:N ratios of about 10-15:1 rendering organic matter more 
mineralizable than thermophilic compost.  By pretreating organic wastes at temperatures 
between 45-65°C, organic standards of pathogens and weed seeds suppression can be 
met. Like thermophilic compost, vermicompost has high organic matter, water holding 
capacity and nutrient retention but it differs in that it has faster mineralization rates, and 
thus greater nutrient supply rates owning to its lower C:N ratio. 
Technologies used to produce vermicompost vary based off of amount and types 
of waste to be processed.  Older technologies projected that a continuous flow bed of 40 
m length by 2.4 m width by 1 m deep can process 2.9 tons of partially decomposed 
organic waste each day on a fully automated facility (Appelhof 1981).  Smaller scale 
technologies comprising small plastic containers can also produce high quality compost 
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from food waste under the right conditions, but may not produce enough to meet 
commercial needs.  
Earthworms digest organic matter of plant residues and organisms within the soil 
profile.  Earthworms’ digestion is enhanced with an internal grinding mechanism, a 
gizzard, to produce fine, consistent aggregation that increases porosity and surface area of 
the finished product.  The special environmental conditions of the earthworms’ digestive 
tract select for particular microorganisms, which multiply in population due to high 
availability and physical quality of the comminuted food (decomposed organic material). 
As a result of the fragmentation with enriched microbial community, vermicompost 
develops unique aggregation structure that allows not only for appropriate soil moisture 
properties, but also for unique habitat for microorganisms thus increasing biological 
activity and accelerated nutrient cycling (Shi-wei and Fu-zhen 1991).   
The macronutrient and micronutrient composition of VC is affected by the 
increased biological activity.  The humic acids that are produced allow the end product to 
maintain stability overtime; once appropriate moisture conditions are met, the 
biologically active soil amendment renders greater mineralization rates.  The nitrification 
process in vermicompost is faster than in its thermophilic counterpart resulting in nitrates 
(NO3-N) concentrations that are upwards of 4-5 times greater in vermicompost. 
Consequently it has less ammonium (NH4-N) but equal total nitrogen (Edwards and 
Burrows 1988; Arancon and Edwards 2004).  Increased nitrate is of interest as it is the 
highly mobile species of available nitrogen that plants depend on for quick development. 
Vermicompost also differs in that it generally has a more neutral pH, higher cation 
exchange capacity (CEC), higher humic acids and greater concentrations in calcium, 
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magnesium, potassium and manganese (Albanell et al. 1998: Elvira et al. 1996).  
However, it is difficult to generalize these statements as the quality of nutrients and 
quantity of microbial populations vary by feedstock (Orozco et al. 1996; Werner and 
Cuevas 1996; Businelli et al. 1984). 
 
1.2.5 Plant Responses to Vermicompost 
Organic matter has repeatedly been shown to increase crop yield when an active 
microbial community is able to decompose it and provide available nutrients (Gopal et al. 
2009; Goyal et al. 2005; Kumar-Srivastava et al. 2007; Lazcano et al. 2008).  By 
increasing the microbial populations (Sampedro & Whalen 2007) and altering the 
physical and chemical properties of composted organic material, vermicompost produces 
benefits beyond that of its thermophilic counterpart.  
Substitution rates of vermicompost in a growth medium below 50% seemed to 
have the most benefit as too much VC results in poor germination, growth rate and yield 
likely due to increases in electrical conductivity due to high salt concentrations (Atiyeh et 
al. 2000; Atiyeh et al. 2002; Buckerfield et al. 1999; Subler et al. 1998). Substitution or 
application rates as low as 10% still show benefits, which can help it to also have 
economic benefits.  Economic benefits may originate in a variety of effects including 
increased germination rates (Arancon, 2009), improved marketability (Gutierrez-Miceli 
et al. 2007; Singh et al. 2008; Saebo & Ferrini 2006), and increased growth rate and yield 
(Arancon et al. 2004a; Arancon et al. 2004b;Arancon et al. 2003; Arancon et al. 2005; 
Arancon et al. 2009; Atiyeh et al. 2000; Gutierrez-Miceli et al. 2007; Singh et al. 2008; 
Ushakumari et al. 1999).   
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The demonstrated suppression of soil born plant pathogens by vermicomposts is 
variable and dependent on the feedstock (Szech and Smolinska 2001), pathosystem 
(Szech et al. 1993; Scheuerell et al. 2005), temperature (Rivera et al. 2004), presence of 
synthetic fertilizer and amendment rates (Asciutto et al. 2006).  The modification to the 
soil microbial pool by the digestion of organic matter via earthworms impact overall 
plant health and agroecosystems.  VC’s high population of disease suppressive 
microorganisms has the ability to reach greater volumes of soil spatially thus dispersing 
competition of viable plant pathogens (Enami et al. 2001). This variability requires more 
standards to be controlled and monitored with future research.  Vermicompost use may 
also minimize the amount of time for diseases to develop because it can accelerate crop 
maturation. 
Suppression of arthropod pest populations and pest damage by vermicompost is 
likely due to increased phenols (Curry and Schmidt, 2007; Pant et al. 2009), which are 
water soluble and available for uptake into plant tissue; these phenols are unpalatable to 
insect pests.  Pests suppressed with different application methods (solid VC, aqueous VC 
soil drench, aqueous VC foliar spray) include the suppression of aphids, mealy bugs, and 
spider mites (Arancon et al. 2005, 2007; Edwards et al. 2009); cucumber beetles and 
tobacco hornworms (Edwards et al. 2009; Yardim et al. 2006); and cabbage white 
caterpillar (Edwards 2007; Arancon et al. 2005). 
 
1.2.6 Economics and Community Interest 
Until recently, organic farmers could fall back on sodium nitrate, or Chilean 
nitrate (CN), to mitigate early season nitrogen deficiency.  As of October 21, 2012, CN is 
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no longer certified in organic production in its entirety due to the sunset provision in the 
Organic Foods Production Act of 1990 (OFPA 1990); however, Chilean nitrate is 
currently allowed in organic production to meet up to 20% of the crop nitrogen needs due 
to its significance and economic impact although it is likely a short-term reprieve.  
Eventual decertification will leave a significant gap in organic fertility management in 
particular where wet and cold spring weather conditions may prevent timely 
decomposition and mineralization of organic amendments and cover crops.  Farmers are 
looking for viable and economic substitutes for Chilean nitrate. Because of its high 
nitrogen content (Atiyeh et al. 2000; Frederickson et al. 2007; Lazcano et al. 2008), VC 
may be able to fulfill the function of Chilean nitrate.  
Prior to amending soils with highly available nitrogen, soil analysis can estimate 
the nitrogen needs based on the crop requirements; nitrogen availability in the soil ebb 
and flow with the season via processes such as nitrification, leaching losses and plant 
uptake. Other options for farmers to manage the soil nitrogen organically are the use of 
thermophilic compost and green manures.  Green manure assimilates nutrients into 
vegetative growth, which when left to decompose in the field will supply plant available 
nutrients naturally over time.  Similarly, thermophilic compost applications require 
seasonal soil microbial activity to convert nitrogen from an organic to a mineral form.  
Both green manure and thermophilic compost applications need to be timed well because 
of the time lag between application and nutrient supply. Without the use of Chilean 
nitrate, New England farmers do not have appropriate options for a quick response to 
early season nitrogen deficiencies.  This is particularly important in areas with climates 
that have short growing seasons like Vermont where the success of even a single crop 
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depends on favorable conditions. A quicker response to nitrogen deficiencies can allow 
for additional succession plantings in one season increasing overall crop yield by having 
multiple crops in one growing season. Vermicompost provides nitrogen quicker than 
thermophilic compost because of its lower C:N ratio and greater initial nitrate 
concentration. 
Vermicompost can be applied in various means, similar to that of compost; 
however the application rate of VC may be less than 1/4-1/3 the total volume of 
thermophilic compost to meet nutrient needs of the crop.  Applications include, a liquid 
tea or extract that can be a foliar spray or soil drench, transplanted with greenhouse 
container medium, and minimally researched field application via broadcast spread or 
banded in row.    
Vermicompost technologies in New England are still very new and currently 
under research.  On farm technologies for developing small, medium and large-scale 
waste management solutions can create synergism between waste management 
businesses and farmer yielding job opportunities.  The dairy operations in Vermont can 
be adapted to manage excess manure waste into a facility to produce high quality 
vermicompost in continuous flow containers. This model has been successfully 
demonstrated by Worm Power, a business located next to a modern dairy farm in Upstate 
New York.  Worm Power uses manure solids while the dairy farmer is able to apply the 
liquid manure more easily to the fields while solving a solid waste management problem. 
Worm Power produces organic vermicompost that sells at  $512  per metric ton (t), 10 
times the price of thermophilic compost (Table 1.1).  
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The potential market demand for vermicompost is vast in the horticulture 
community.  From residential use in houseplants and small gardens to large scale, 
commercial plug production and nursery stock. 
Table 1.1: Application rate (AR) and cost information comparing VC and TC from the 
same feed stock.  Nutrient analysis of TC was performed at the Penn State Agriculture Testing Lab 
from Wormpower.  The same material was subsequently vermicomposted and analyzed again for 
nutrient composition.  AR was determined to meet the need of the Swiss chard crop of 0.133 t/ha.  
Prices and dry weight are from Wormpower bulk supplier in Avon, NY.  A reference for the US 
farmer is 1 cubic yard of VC equals .36 metric tons and 1 cubic yard of TC equals .63 metric tons. 
Type N-P-K % $/t t/yd3 AR (t/ha) 
Bulk 
Cost/ha 
VC 3.81-1.33-3.05 $512  0.36  21.9 $11212 




CHAPTER 2: MATERIALS AND METHODS 
2.1 Research Questions  
The goal of this study is to investigate the plant responses of vermicompost 
applied in the field and to determine the fate of nutrients, nitrate specifically, under field 
conditions using VC.  This study will provide an appropriate look at application 
technologies for VC to build the undeveloped research field.  
By measuring aboveground and belowground growth at different periods in the 
growing season data was collected on the chronological plant development amongst 
treatments.  Also, yield data was taken to determine the overall productivity of the crop 
amongst compost and seeding treatments.  It was hypothesized that VC can prevent 
nitrogen deficiency in the early growth of field crops and improve overall yield. 
In order to investigate the fate of nitrogen under field conditions using VC field 
nitrogen inputs were measured as well as the fate of nitrogen including inorganic soil 
nitrogen and water-leachate nitrogen.  It was hypothesized that VC can improve retention 
of nutrients and support the quality of the soil. 
The economic costs and benefits under different applications of VC for the 
organic farmer were assessed at the end of the growing season.  This information 
provides insight on determining the best mode of employing this high cost amendment 
via greenhouse starter medium and/or banded field applications.  It was hypothesized that 
VC offers an economically viable soil amendment to use for the NE organic farmer. 
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2.2 Site Description 
2.2.1 Crop 
Swiss chard (Beta vulgaris, var: Large White Ribbed).  Large White Ribbed was 
selected as it can withstand frost and does not bolt in the summer like some other 
varieties do when exposed to frost early in the season. This characteristic made it easier 
to synchronize the plant growth stages of greenhouse started and directly seeded chard. 
Seeding specifications recommend a seeding depth of 1.3 cm, row width of 50 cm, seed 
spacing of 10 cm, and subsequently thinned to 30 cm.  Swiss chard requires 133 kg of N 
per hectare, which was met with the cumulative field application of VC (21.9 t 
compost/ha) and TC (65.2 t compost/ ha) in conjunction with a midseason side dressing 
of North Country Organic, ProGro 5-3-4 (2.9 t/ha). 
 
2.2.2 Plot Development 
Field plots were established at three sites, each with varying soil types: Bella 
Farm on a Vergennes clay in Monkton, VT; Elephant in the Field Farm (EITF) on a flood 
plain Waitsfield silt loam in Waterbury Center, VT; and The University of Vermont 
Horticulture Research Center on a Windsor sandy loam in South Burlington, VT. There 
were two experiments. The first was designed to compare the effect of banded 
vermicompost, thermophilic compost and no starter amendment (control) when Swiss 
chard was directly seeded and when greenhouse starts were transplanted.  This 
experiment was confined to the Monkton site in fulfillment of a SARE Partnership grant. 
The second experiment was to compare the effect on growth of VC with the effect of TC 
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and the effect of no starter amendment (C for control) in an experiment in which Swiss 
chard was directly seeded three different sites.   
At Bella Farm in Monkton, these primary treatments were implemented as both 
directly seeded (D) and transplanted greenhouse starts (G) to give a total of six treatments 
(VC X D, TC X D, C X D, and VC X G, TC X G, C X G).  There were four replicates per 
each treatment.  A randomized block design with 24 plots (1.8 m X 1.2 m) was prepared 


















































Figure 2.1: A schematic of the randomized block design treatment distribution at Bella Farm in 
Monkton, VT. 
At Elephant in the Field Farm in Waterbury Center and at the UVM Horticulture 
Research Center in South Burlington the primary treatments were implemented only as 
directly seeded (D) to give a total of three treatments (VC X D, TC X D, and C X D).  
The design had four replicates of each treatment.  A completely randomized design with 
12 plots (1.5 m X 1.5 m) at EITF and a randomized block design at UVM Horticulture 
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Research Center with 12 plots (1.8 m X 1.2 m) was prepared with a 1 m buffer between 


























Figure 2.2: A schematic of the completely randomized design treatment distribution at Elephant in 

























Figure 2.3: A schematic of the randomized block design treatment distribution at The UVM 
Horticulture Research Center in South Burlington, VT. 
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2.3 Experimental Procedures 
2.3.1 Experiment 1: Comparison of Greenhouse Starts vs. Directly Seeded Swiss 
Chard at Bella Farm 
Three different greenhouse start mixes were used as growing mediums. The 
thermophilic treatment was based on a mixture of 50% TC and 50% conventional organic 
growing medium (Promix) by volume. For the vermicompost treatment 20% VC and 
80% Promix by volume were mixed. Higher substitution rate of VC can result in poor 
germination, growth rate and yield likely due to increases in electrical conductivity and 
salt concentrations. Subsequently, greater VC rates may affect the economic viability for 
the farmer. The control treatment only had Promix. The amendment ratio to the 
vermicompost container medium was based on Atiyeh et al. (2000 & 2002) for 
optimizing germination rate and overall plant productivity.  The mixes were placed into 
trays for starter plugs (5 cm deep, 2.54 cm wide wells). One Swiss chard seed was placed 
in each well at a depth of 1.3 cm  on May 30, 2013.  The trays were checked at 7, 21, 39, 
and 53 days (June 6th, June 20th, July 8th and July 22nd 2013 respectively) post seeding to 
ensure proper care (appropriate moisture and temperature of 65°C) that the UVM 









Table 2.1: Bella Farm Timeline of Growing Practices from Site Preparation and Starting 
Greenhouse Seedlings to Harvest for Experiment 1: Comparison of Greenhouse Starts vs. Directly 
Seeded Swiss Chard at Bella Farm. 
5/30/13 Seed greenhouse starts 
6/17/13 Site preparation and soil sampling 
6/22/13 Direct seed in field 
7/16/13 Measure aboveground height (AGH) and germination rate (GR) 
7/26/13 Transplant greenhouse starts 
7/31/13 Measure AGH 
8/24/13 Measure AGH, belowground development (RL, RW & RB), collect aboveground sample for dried 
biomass analysis, and collect soil and soil-water samples for inorganic N analysis 
9/2/13 Measure AGH and apply side-dress fertilizer application   
9/21/13 Measure AGH 
10/15/13 Measure AGH, collect aboveground sample for dried biomass analysis, collect soil samples for 
inorganic N analysis and harvest 
 
Greenhouse plugs were planted by hand in the field eight weeks after greenhouse 
seeding on July 26, 2013 when plants developed beyond their first true leaves or were 
greater than 5.08 cm in size before transferring them to the field.  In-row spacing was 30 
cm and between-row spacing was 50 cm allowing four rows of crops in each seedbed.  
The research area was previously under sod.  A three-bottom moldboard plow and 
disc plow was used to prepare the site at Bella Farm and soil sampling was performed on 
June 17, 2013 to determine soil fertility and ensure a consistent seed bed amongst 
treatment plots.  Seedbeds were staked (1.8 m X 1.2 m) and assigned a seeding and 
compost treatment as a randomized block design.   
Direct seeding was accomplished by hand by placing seeds into rows prepared 
with banded VC, TC or no amendment (control - C).  VC and TC rates were calculated 
based on total nitrogen analyses for the composts and soils to satisfy 20% of crop 
nitrogen needs, the amount presently allowed for Chilean nitrate in organic agriculture in 
Vermont.  Prior to planting, seedbeds were prepared according to recommendations for 
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Swiss chard.  Swiss chard seeds were planted on June 22, 2013 at a depth of 1.3 cm, 
spaced in the field at distances of 10 cm within the row with rows separated by 50 cm, 
and subsequently thinned to an in-row spacing of 30 cm.   All plots were maintained with 
weekly hand weeding between rows as well as between plots and overhead irrigation to 
ensure at least 5.08 cm rainfall and irrigation/week. 
In the directly seeded plots every plant was measured for aboveground height 
(AGH) and germination rates (GR) on July 17, 2013, 24 days post seeding. On July 31, 
2013 AGH was measured on both the directly seeded (D) and greenhouse transplant (G) 
plots for each plant in the plot.   
In both D and G plots on August 24, 2013 five plants were selected at random to 
measure AGH and three plants were selected at random from each plot to be removed 
from the soil ensuring the root structure stayed intact to measure root length (RL), root 
width (RW) and root branching (RB).  Also on August 24, 2013 composite soil samples 
were collected to analyze for inorganic soil N and soil water samplers were sampled to 
analyze for inorganic soil-water N.  Composite soil samples were collected by randomly 
sampling three points within each plot to a depth of 20 cm and incorporated in sealed 
container before laboratory analysis.  Soil water samplers were sampled by priming 0.4-
0.5 cb of suction 4-8 hours prior to collecting soil-water from the lysimeters. Samples 
were then frozen at -18oC until laboratory analysis.  
On September 2, 2013, five random plants from each plot were selected and 
measured for AGH and a banded application of North Country Organic- ProGro 5-3-4 
was applied at 2.9 t/ha to meet the midseason crop fertilization needs.  On September 21, 
2013, five random plants from each plot were selected and measured for AGH again. 
23 
 
On October 15, 2013 five random plants from each plots were selected and 
measured for AGH and the plot was then harvested by cutting the aboveground mass at 
the soil surface and then collected.  Brown, non-marketable material was removed from 
the collected mass weighed to determine the marketable fresh yield (kg) per plot (2.16 
m2).  Lastly, composite soil samples from each plot were collected to analyze for residual 
soil inorganic N. 
 
2.3.2 Experiment 2: Evaluation of Directly Seeded Swiss Chard at Bella Farm, 
EITF, and UVM Horticulture Research Center  
 2.3.2.1 Bella Farm 
Experiment 1 and 2 were conducted in parallel at Bella Farm.  See 2.3.1 for 
timeline and explanation of methods performed for directly seeded treatments at Bella 
Farm. 
 
 2.3.2.2 Elephant in the Field (EITF) 
The site at EITF was previously farmed using organic practices and sat fallow 
before site preparation.  Determining plot layout and seedbed preparation as well as soil 
sampling was performed on June 17, 2013 to determine soil fertility and ensure a 
consistent seed bed amongst treatment plots.  Seedbeds were staked (1.5 m X 1.5 m) and 






Table 2.2: EITF Timeline of Growing Practices from Site Preparation to Harvest for 
Experiment 2: An Evaluation of Directly Seeded Swiss Chard at EITF. 
6/17/13 Site preparation and soil sampling 
6/27/13 Direct seed in field 
7/18/13 Measure AGH and GR 
8/1/13 Measure AGH 
8/21/13 Measure belowground development (RL, RW & RB), collect aboveground sample for dried 
biomass analysis and collect soil and soil-water samples for inorganic N analysis 
8/31/13 Measure AGH and apply side-dress fertilizer application  
9/21/13 Measure AGH 
10/12/13 Measure AGH, collect aboveground sample for dried biomass analysis, collect soil and soil-
water samples for inorganic N analysis and harvest 
 
Direct seeding was accomplished by hand by placing seeds into rows prepared 
with banded VC, TC or no amendment (C).  VC and TC rates were calculated based on 
total nitrogen analyses for the composts and soils to satisfy 20% of crop nitrogen needs.  
Prior to planting, seedbeds were prepared according to recommendations for Swiss chard.  
Swiss chard seeds were planted on June 27, 2013 at a depth of 1.3 cm, spaced in the field 
at distances of 10 cm within the row with rows separated by 50 cm, and subsequently 
thinned to an in-row spacing of 30 cm.  Plots were maintained with weekly hand weeding 
between rows and between plots and overhead irrigation to ensure at least 5.08 cm 
rainfall/week. 
On July 18, 2013, 22 days post seeding, every plant was measured for 
aboveground height (AGH) and germination rates (GR).  On August 1, 2013 AGH was 
measured for each plant in the plot.   
On August 21, 2013 five plants at random were selected from each plot to 
measure AGH and three plants at random were selected to be removed from the soil 
ensuring the root structure stayed intact to measure root length (RL), root width (RW) 
and root branching (RB).  Also on August 21, 2013 composite soil samples were 
25 
 
collected to analyze for inorganic soil N and soil water samplers were sampled to analyze 
for inorganic soil-water N. 
On August 31, 2013, five random plants from each plot were selected and 
measured for AGH and a banded application of North Country Organic- ProGro 5-3-4 
was applied at 2.9 t/ha to meet the midseason crop fertilization needs.  On September 21, 
2013, five random plants from each plot were selected and measured for AGH again. 
On October 12, 2013 five random plants from each plots were selected and 
measured for AGH and the plot was then harvested by cutting the aboveground mass at 
the soil surface and then collected.  The collected mass was removed of brown, non-
marketable material and weighed to determine the marketable fresh yield (kg) per plot 
(2.16 m2).  Lastly, composite soil samples from each plot were collected to analyze for 
inorganic soil N on the same date. 
 
 2.3.2.3 UVM Horticulture Research Center (UVM) 
Site preparation was performed on August 10, 2013 to ensure a consistent seed 
bed amongst treatment plots.  Seedbeds were staked (1.8 m X 1.2 m) and assigned a 
seeding and compost treatment as a randomized block design.  Prior to planting, seedbeds 
were prepared according to recommendations for Swiss chard. 
Table 2.3: UVM Horticulture Research Center Timeline of Growing Practices from Site 
Preparation to Harvest for Experiment 2: An Evaluation of Directly Seeded for Swiss Chard at 
UVM Horticulture Research Center 
8/10/13 Site Preparation 
8/12/13 Direct seed in field 
9/21/13 Measure AGH, GR and apply side-dress fertilizer application  




Direct seeding was accomplished by hand by placing seeds into rows prepared 
with banded VC, TC or no amendment (C).  VC and TC rates were calculated based on 
total nitrogen analyses for the composts and soils to satisfy 20% of crop nitrogen needs.    
Swiss chard seeds were planted on August 12, 2013 at a depth of 1.3 cm, spaced in the 
field at distances of 10 cm within the row with rows separated by 50 cm, and 
subsequently thinned to an in-row spacing of 30 cm.  Plots were maintained with weekly 
hand weeding between rows and between plots and overhead irrigation to ensure at least 
5.08 cm rainfall/week. 
On August 21, 2013, 9 days after seeding, every plant was measured for 
aboveground height (AGH) and germination rates (GR).  On October 15, 2013 each plot 
was harvested by cutting the aboveground mass at the soil surface.  The collected mass 
was removed of brown, non-marketable material and weighed to determine the 
marketable fresh yield (kg) per plot (2.16 m2).    
 
2.4 Laboratory Analysis 
2.4.1 Pre-Planting Fertility 
Pre-planting fertility at Bella Farm and EITF was assessed on June 17, 2013. A 
composite soil sample was prepared from five randomly placed subsamples for the entire 
research site and sent to The University of Vermont Agricultural and Environmental 
Testing Lab (AETL).  Basic soil nutrient analysis was carried out following the 
procedures of the University of Vermont Analytical and Environmental Testing 
Laboratory as follows:  
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Soil samples were dried at 45°C, ground to pass a 2-mm sieve, and extracted with 
Modified Morgan’s solution (0.62 N NH4OH + 1.25 N CH3COOH; 4 g, 20 mL, shake 15 
minutes).  After filtering through Ahlstrom 642 paper, the extracts were analyzed for 
organic phosphate (automated ion analyzer, molybdate blue procedure) and macro- and 
micronutrients (inductively coupled plasma spectroscopy, ICP-OES).  A laboratory 
reference sample and a duplicate soil were run with each set of 10 samples.  Calibration 
standards were prepared according to instrument manufacturer's suggested guidelines. 
Two-point calibrations were used for ICP analysis.  Multi-point calibrations were used 
for ion analyzer analysis.  pH was determined in 0.01M CaCl2; water pH was estimated 
by adding 0.6 pH units to the salt value.  Organic matter was determined by loss on 
ignition at 375°C.   
Analysis of compost was performed at Penn State University’s Agricultural 
Analytical Services Laboratory using the test methods for the examination of composting 
and compost, USDA and U.S. Composting Council, 2002.  The feedstock was 
thermophilically treated and analyzed (2.58 % total nitrogen with 21.77mg/kg nitrate-N) 
and then subjected to vermicomposting treated and analyzed (3.81% total nitrogen with 
4870.99mg/kg nitrate-N).  Vermicompost has a much higher concentration of nitrate-N 
than its thermophilic counterpart.   
28 
 
Table 2.4: Analysis of thermophilic and vermicompost performed at Penn State 
University’s Agricultural Analytical Services Laboratory using the test methods for the 
examination of composting and compost, USDA and U.S. Composting Council, 2002. Of note for 
this study is the higher nitrogen content of vermicompost. Both inorganic and total N were 
considerably greater in VC. Nitrate in particular was two orders of magnitude greater in 
vermicompost than in the thermophilic compost. 
 Thermophilic Compost Vermicompost 
Carbon:Nitrogen (C:N) Ratio 16.80 10.90 
Total N 2.58% 3.81% 
Ammonium NH4-N 23.7 mg/kg 139.3 mg/kg 
Nitrate NO3-N 21.77 mg/kg 4870.99mg/kg 
Phosphorus (as P2O5)2 1.033% 1.325% 
Potassium (as K2O)2 2.17% 3.15% 
Calcium (Ca) 2.44% 3.65% 
Magnesium (Mg) 0.69% 0.91% 
Sodium (Na) 5499 mg/kg 7781mg/kg 
Iron (Fe) 997.17 mg/kg 3339.83 mg/kg 
Manganese (Mn) 111.06 mg/kg 174.59 mg/kg 
Zinc (Zn) 100.35 201.12 
 
To meet 20% of the 0.133 t/ha, banded application of VC and TC were prepared 
in the seedbed at the time of planting.  The application rate of VC was calculated as 21.9 
t fresh compost/ha and the application rate of TC was 65.2 t of fresh compost/ha, 
almost three times more product by mass than VC, based off of the total nitrogen 
composition of each compost treatment to meet 20% of the inorganic crop nitrogen 
needs, the same as Chilean nitrate.  Each plot on all sites was 2.16 m2 and therefore 
the banded application rate per plot was 2.19 kg/m2. 
 
2.4.2 Assessment of Nitrogen Leaching  
Soil water samplers (Soil Moisture Inc., Sta. Barbara, Ca) were placed at a depth 
of 76.2 cm in each plot and soil moisture was drawn on August 24 2013 and Bella Farm 
and on August 21, 2013 and October 12, 2013 at EITF by priming 0.4-0.5 cB of suction 
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4-8 before extracting soil-water from the samplers and then frozen and storedat -18o C 
until further laboratory analysis.  NH4-N and NO3-N were measured colorimetrically 
with a Lachat autoanalyzer (Hach Company, Loveland, CO).  The sum of NO3 and NH4 
was calculated to estimate total inorganic nitrogen (TIN). 
 
  2.4.3 Soil Inorganic Nitrogen 
Composite soil samples were collected on August 24, 2013 and October 15, 2013 
at Bella Farm and on August 21, 2013 and October 12, 2013 at EITF.  Three random 
locations in each plot were dug out at a depth 20 cm and combined in a sample bag.  Each 
sample was allowed to dry at 45°C for 24 hours then ground to pass a 2-mm sieve. 
Ground samples were then weighed to 4 g and prepared extracted with a 2M KCl solution 
followed by filtration through a Whatman 1 filter. The filtrate was analyzed for NH4-N 
and NO3-N colorimetrically with a Lachat autoanalyzer (Hach Company 
Loveland, CO).  The sum of NH4-N and NO3-N gave total inorganic nitrogen (TIN). 
 
2.4.4 Plant Analysis 
Plant development was analyzed first as germination rate and subsequently as 
aboveground height through harvest.  Aboveground height was measured as distance 
from the soil surface to the tip of the tallest leaf.   
Three plants were selected at random from each plot to be removed from the soil 
ensuring the root structure stayed intact to measure root length (RL), root width (RW) 
and root branching (RB).  RL was determined by measuring each root from the base of 
the plant at the soil surface; RW was determined by measuring each individual root width 
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at the thickest point; and RB was determined by counting the number of root shoots. This 
was measured in the middle of the growing season on August 21, 2013 at EITF and on 
August 24, 2013 at Bella Farm.  
Total marketable fresh yield was measured by weighing aboveground biomass at 
harvest on October 15, 2013 at Bella Farm and UVM Horticulture Research Center and 
on October 12, 2013 at EITF.  Each plot was harvested by cutting the aboveground mass 
at the soil surface and then collected.  The collected mass was removed of brown, non-
marketable material and weighed to determine the marketable fresh yield (kg) per plot 
(2.16 m2), or (t/ha). 
 
2.4.5 Statistical Analysis 
Repeated measures ANOVA were performed for the plant analyses.  ANOVA 
was also used for the soil fertility measurements and soil water measurements. When 
ANOVA indicated differences among treatments differences were tested in the means 
using t-tests.  Linear model with Julian date, treatment and seeding rate was run for 
Experiment one: comparing of greenhouse starts with directly seeded Swiss chard at 
Bella Farm.  A linear model with main effects of Julian date, treatment and site was run 
for the Experiment two: evaluating directly seeded Swiss chard at Bella Farm, EITF, and 
UVM Horticulture Research Center.   
A linear regression analyzing the aboveground height at harvest was performed to 
determine the correlation between height at harvest and fresh marketable yield.  
Estimated harvest weight was calculated at varying stages in the growing season by using 
the linear equation and inputting the aboveground height on any given recording period.  
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The potential yield at Bella Farm and EITF was estimated for all dates on which plant 
growth was measured.  Significance was evaluated at the 0.05 level. 
All analyses were conducted with JMP 11 software (SAS Institute, Gary, IN). 
All graphs were conducted with Graphpad Prism 6 software (Graphpad Software Inc, 
La Jolla, CA). 
 
2.4.6 Environmental Analysis  
Potential environmental impact was assessed by measuring inorganic nitrogen 
concentrations on soil-water collected with suction cup lysimeters.  In addition residual 
inorganic nitrogen in the soil was measured. Suction cup lysimeters were installed at a 
depth of 30 cm and assuming that nitrate percolating to this depth would be lost to ground 
water. To collect soil water during rain events, 0.4 – 0.5 cbar suction was applied to the 
lysimeters. Rain events did not yield soil water in the lysimeters until late August and 
into September. However, lysimeters did not yield water samples consistently across the 
plots on any of the sampling dates. 
Local weather data was recorded at the NWS station at Burlington Airport for 
Bella Farm in Monkton, VT and UVM Horticulture Research Center in South Burlington, 
VT. Local weather data was recorded at the KMVL station in Morrisville, VT for EITF in 







2.4.7 Economic Analysis 
The variables used in the economic analysis are the costs of the amendments 
(Control-C, Thermophilic Compost - TC and Vermicompost -VC) per hectare and the 
income of the marketable fresh yield per hectare at wholesale price.   
The income of each plot was determined by multiplying the metric ton per hectare 
harvested by the wholesale value, which was based off of the local wholesale price of 
organic Swiss chard, of $2.75/kg (or $1.25/lb) and again confirmed by the USDA 
Economic Research Service, 2013 organic pricing index.  
Prices and dry weight from Worm Power bulk supplier in Avon, NY were used to 
determine the bulk cost of VC of $512/t.  Prices and dry weight from Highfields Center 
for Compost bulk supplier in Wolcott, VT were used to determine the bulk cost of TC of 
$52/t.  VC and TC prices were consistent in multiple providers in the region for high 
quality end products.  With a fixed expense (VC: $11,212/ha, TC: $3,409/ha, and C: 
$0.00/ha) of each treatment margin was analyzed by subtracting the expense per hectare 
from the income per hectare.   
In order to estimate the harvestable fresh yield for the different treatments prior to 
harvest at Bella Farm, a linear equation was fitted that estimated harvestable weight from 
aboveground height at harvest. This regression equation was used to estimate harvestable 
weight for dates on which AGH was measured to explore whether the greenhouse 
treatments might be harvested earlier than the direct seeded treatments.  
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CHAPTER 3: RESULTS  
3.1 Experiment 1: Comparison of Greenhouse Starts vs. Directly Seeded Swiss 
Chard at Bella Farm 
3.1.1 Growth and Development 
 3.1.1.1 Aboveground Height 
ANOVA of aboveground height showed significant effects of seeding, treatment 
and time as the main factors (P<0.0001); thus, these factors were good predictors of 
Swiss chard growth. Looking at the individual sampling days ANOVA showed there was 
significant difference (P=0.0378) in plant height among compost treatments for directly 
seeded plots on day 195 with the TC treatment being significantly taller than the C 
treatment but not the VC treatment; however, there was no significant difference between 
TC and VC treatments.   However, for greenhouse starts, the VC treatment was greater 
than TC and C treatments on each sampling day (Day 233, 241 and 260: P<0.0001; Day 
284: P=0.0149; Figure 3.1). 
At the time of transplant the greenhouse VC treatment had a height advantage 
compared to the C and TC greenhouse treatments.  This advantage in plant height was 
maintained through harvest, Day 284.  ANOVA indicates that on each day there is 
significant difference between treatments on greenhouse starts (P<0.0001 to P<0.0149; 
Figure 3.1) with VC treatments being the highest.  
For treatment C the direct seeded treatment were taller than the greenhouse starts 
(P<0.0153 to P<0.0975; Figure 3.1). For TC treatments, the direct seeded treatments were 
larger than the greenhouse starts on day 233 and 260 (P<0.0034, P<0.0004 respectively; 
Figure 3.1).  For VC treatments, the greenhouse starts were taller than the direct seeded 
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treatments on day 241 and 260 (P<0.0511, P<0.0882 respectively; Figure 3.1), but not at 
harvest. 
On day 241 the height of the VC greenhouse start treatment was greater than all 
other treatments and had reached harvestable size for both directly seeded and 
greenhouse start plots (P<0.0108; Figure 3.1).  This was expressed in the calculated yield 
in section 3.1.1.3.  On this date, the greenhouse started VC treatment was 10 cm taller 
than the direct seeded VC treatment (the next tallest treatment) representing almost 20% 
difference in height.   
It is also worth noting that for greenhouse starts the VC treatment had very low 
variability except for on the harvest date. The greater uniformity may be important 






Figure 3.1: Comparison of AGH of Swiss chard on compost treatment (C, TC, VC) by seeding type 
(D, S) from seeding to harvest at Bella Farm.  Julian Day 195 (top left), 210 (middle left), 233 
(bottom left), 241 (top right), 260 (middle right), and 284 (bottom right). Directly seeded 
treatments were started on June 22, 2013 and greenhouse plugs were started on May 30, 2013 and 
subsequently planted in the field on July 26, 2013.  The harvest date for all treatment plots was 
October 15, 2013. Levels not connected by same letter are significantly different; graphs without 
letters denote no significance. Significance is defined at the α=0.05. 
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 3.1.1.2 Belowground Growth 
ANOVA of belowground growth showed no significant differences of seeding 
and treatment as the main factors in root length among treatments (P=.6365).  The 
quantile boxplot in Figure 3.2 demonstrates the similarity of root length among 
treatments. However, for root width the same ANOVA with the same factors shows a 
significant relationship (P<0.001). Seeding is a significant predictor of root width 
(P<0.0001; Figure 3.2). For root branching, the ANOVA showed that seeding (P=0.0068) 
and treatment (P<.0001) contribute to the relationship. There is also a significant 
interaction between seeding and treatment (P =0.0008; Figure 3.2) for root branching. 
Directly seeded treatments had greater root width than greenhouse starts for all 
compost treatment comparisons (P=0.0029 for treatment C; P=0.0136 for treatment TC; 
P=0.0013 for treatment VC; Figure 3.2). 
Greenhouse starts produced using vermicompost had three times greater root 




Figure 3.2: Comparison of Root Length (RL, top), Root Width (RW, middle), and Root Branching 
(RB, bottom) of Swiss chard on compost treatments (C, TC, VC) on August 24, 2013 at Bella Farm.  
Directly seeded treatments on left of each graph and greenhouse starts on the right of each graph.  
Directly seeded treatments were started on June 22, 2013 and greenhouse plugs were started on 
May 30, 2013 and subsequently planted in the field on July 26, 2013.  The harvest date for all 
treatment plots was October 15, 2013. Levels not connected by same letter are significantly 




3.1.1.3 Marketable Fresh Yield  
ANOVA of harvest fresh weight (t/ha) showed significant effect of treatment as 
the main factor (P<0.0001).  There was no significant differences in harvest fresh weight 
among treatments in directly seeded plots, Figure 3.3.  The harvest fresh weight of the 
VC treatment was significantly greater than both TC and C greenhouse start treatments 
(P<0.0004); however, there was no significant difference between TC and C treatments 
(Figure 3.3). 
Using the linear regression between harvest fresh weight and aboveground height 
at harvest, a regression line was calculated and harvestable yield was back calculated for 
the five sampling dates (Figure 3.4, n = 24, r2 = 0.562). On Julian date 241, the 
greenhouse VC treatment yielded significantly more Swiss chard than any of the other 
treatments (P=0.0162; Figure 3.5). In addition, on this date the plants in the greenhouse 
VC treatment were close to the harvestable fresh weight of directly seeded TC and C 
treatments on the actual harvest day 284.  
ANOVA of calculated yield (t/ha) shows significant effects of treatment, day and 
seeding (P<0.0001 to P=0.0334) as main factors.  The VC compost treatments in 
greenhouse start treatments were significantly greater than all other treatments and 
seeding methods on day 241 (P<0.0001 to P<0.0332; Figure 3.5).  On day 260, the VC 
compost treatments in greenhouse start treatments were significantly greater than all 
treatments (P<0.0001 to P<0.0711; Figure 3.5) except for the directly seeded TC compost 
treatment (P=0.1859; Figure 3.5).  In comparison to the directly seeded plots, variability 





Figure 3.3: Comparison of Harvest Fresh Weight (t/ha) of Swiss chard on compost treatment (C, 
TC, VC) on October 15, 2013 at Bella Farm.  Directly seeded treatments are on the left of the 
graph and greenhouse start treatments are on the right of the graph.  Directly seeded treatments 
were started on June 22, 2013 and greenhouse plugs were started on May 30, 2013 and 
subsequently planted in the field on July 26, 2013.  The harvest date for all treatment plots was 
October 15, 2013. Levels not connected by same letter are significantly different; graphs without 









Figure 3.4: Linear regression of AGH (cm) vs Harvest Fresh Weight (t/ha) on October 15, 2013 of 











Figure 3.5: Comparison of Calculated Yield (t/ha) of Swiss chard on compost treatment (C, TC, 
VC) and seeding treatment (D, S) from seeding to harvest at Bella Farm.  Julian Day 195 (top left), 
210 (middle left), 233 (bottom left), 241 (top right), 260 (middle right), and 284 (bottom right).  
Directly seeded treatments were started on June 22, 2013 and greenhouse plugs were started on 
May 30, 2013 and subsequently planted in the field on July 26, 2013.  The harvest date for all 
treatment plots was October 15, 2013.  Levels not connected by same letter are significantly 
different; graphs without letters denote no significance. Significance is defined at the α=0.05. 
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3.2 Experiment 2: Evaluation of Directly Seeded Swiss Chard at Bella Farm, 
EITF, and UVM Horticulture Research Center 
3.2.1 Growth and Development 
 3.2.1.1 Germination Rate 
ANOVA indicates that VC treatments at EITF and at the UVM Horticulture Farm 
had a higher germination rate compared to both the TC and C treatments (P<0.0596, 
P<0.0221 respectively; Figure 3.5).  There was no significant difference in germination 




Figure 3.6: Comparison of Germination Rate (%) on compost treatment (C, TC, VC) of directly 
seeded plots at Bella Farm (top), EITF (Middle), and UVM (bottom).  Direct seeding was 
performed on June 22, 2013 (Bella), June 27, 2013 (EITF), and August 12, 2013 (UVM). Levels not 
connected by same letter are significantly different; graphs without letters denote no significance. 





3.2.1.2 Aboveground Height 
ANOVA of aboveground height shows significant effects (P=0.0378; Figure 3.1) 
of compost treatment on Day 195, the first measuring date at Bella Farm, with the TC and 
VC treatments being significantly different from C treatments; however, no significance 
was found on any other date.  Only one determination of plant height was made at UVM 
on Day 260 and an ANOVA of AGH shows significant effects  (P=0.0012; Figure 3.7) of 
compost treatment with VC treatments being greater than both TC and C treatments. 
ANOVA indicates that TC and VC treatments at EITF were significantly taller 
(P<0.0071) than the C treatment on day 197; however, there is no difference in TC and 
VC treatments (see figure 3.7 for analysis of AGH).  These analyses along each site 
shows that there was an increase in growth in the first sampling day post seeding among 
treatments; however, at EITF and Bella there were no significant differences in 






Figure 3.7: Comparison of Aboveground Height (cm) of Swiss chard on compost treatment (C, TC, 
VC) from seeding to harvest at EITF (top left, middle left, bottom left, top right,  and middle right; 
Julian Day 197, 210, 240, 260, 281 respectively), and UVM (bottom right; Julian Day 260).  Direct 
seeding was performed on June 27, 2013 at EITF, and August 12, 2013 at UVM.  Harvest was 
performed on October 15, 2013 at Bella and UVM and on October 12, 2013 at EITF. Levels not 
connected by same letter are significantly different; graphs without letters denote no significance. 




3.2.1.3 Belowground Growth 
ANOVA of root length (RL), root width (RW) and root branching (RB) indicates 
no significant effects on treatment and site.  This data was collected at Bella Farm on 
August 24, 2013 (Figure 3.2) and on August 21, 2013 at EITF (Figure 3.8) and was not 






Figure 3.8: Comparison of Root Length (RL), Root Width (RW) and Root Branching (RB) of Swiss 
chard on compost treatment (C, TC, VC) of directly seeded plots at EITF on August 21, 2013 
Respectively).  RL (top), RW (middle), and RB (bottom).  Direct seeding was performed on June 
27, 2013 at EITF. Levels not connected by same letter are significantly different; graphs without 





3.2.1.4 Harvest Fresh Weight  
ANOVA of harvest fresh weight (HFW) of directly seeded Swiss chard showed a 
significant effect of compost treatment at UVM (P<.0001; Figure 3.8).  The growing 
period from seeding to harvest at Bella was 113 days, at EITF was 105 days and at UVM 
was only 63 days.  There is no significant difference in harvest fresh weight by treatment 




Figure 3.9: Comparison of Harvest Fresh Weight (HFW) (t/ha) of Swiss chard on compost 
treatment (C, TC, VC) of directly seeded plots at Bella Farm (top), EITF (middle), and UVM 
(bottom).  Direct seeding was performed on June 22, 2013 (Bella), June 27, 2013 (EITF), and 
August 12, 2013 (UVM).  Harvest was performed on October 15, 2013 at Bella Farm and UVM and 
on October 12, 2013 at EITF. Levels not connected by same letter are significantly different; 
graphs without letters denote no significance. Significance is defined at the α=0.05. 
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3.3 Environmental Analysis 
3.3.1 Residual Soil Inorganic Nitrogen (NO3, NH4 and TIN)  
ANOVA indicates that there was no significant difference between directly 
seeded and greenhouse start plots for residual soil inorganic nitrogen parameter at Bella 
Farm on each of the sampling dates.  
There was no significant difference in residual soil inorganic nitrogen at EITF at 
both sampling periods in August and October 2013 among treatments.  Soil inorganic 
nitrogen data was not collected at the UVM Horticulture Research Center. 
 
3.3.2 Soil Water Inorganic Nitrogen 
ANOVA of NH4-N, NO3-N, and TIN showed no differences of compost treatment 
on each sampling day at Bella Farm for soil water inorganic nitrogen.  ANOVA of NH4-
N showed no significant differences of compost treatment on each sampling day at EITF 
for soil water inorganic nitrogen.  However, on Day 230, August 21, 2013, ANOVA 
indicates a significant difference in soil water NO3-N and TIN at EITF with the greatest 
amounts of NO3-N and TIN (P=0.0381, P=0.0376 respectively; Figure 3.10) measuring 




Figure 3.10: Comparison of Soil Water Inorganic Nitrogen (NO3-N, NH4-N and TIN) of Swiss 
chard on compost treatment (C, TC, VC) of directly seeded plots at EITF on August 21, 2013.  
NH4-N (top), NO3-N (middle) and TIN (bottom). Levels not connected by same letter are 






3.3.3 Weather History Data  
See appendix for weather history data for Bella Farm and UVM (Figure 5.1) and 
EITF (Figure 5.2). 
 
3.4 Economic Analysis 
Vermicompost ranges in cost from $400-$1000/ton and application costs of 
vermicompost are $11212/ha ($0.22/ sq. ft.) while thermophilic compost costs $3409/ha 
($0.05/sq. ft.).  The fresh metric ton harvested per hectare for each treatment was 
multiplied by the wholesale price ($1.25/lb.) to calculate the income per hectare.   
In Experiment 1, the comparison of greenhouse transplants with directly seeded 
Swiss chard, the ANOVA on wholesale margin showed significant economic differences 
in seeding and treatment (P=0.0162; Figure 3.11).  This provided a greater overall margin 
for all directly seeded compost treatments and greenhouse VC treatment compared to 
greenhouse TC and C treatments (Figure 3.11).  Also in Experiment 1, the ANOVA on 
calculated yield showed significant effects of treatment, day and seeding (P<0.0001 to 
P=0.0334; Figure 3.5).  On day 241 the VC greenhouse treatments were significantly 
greater than all other treatments (P<0.0001 to P<0.0332; Figure 3.5).  On day 260 the VC 
greenhouse treatments were significantly greater than all other treatments (P<0.0001 to 
P<0.0711; Figure 3.5) except for the directly seeded TC compost treatment (P=0.1859; 
Figure 3.5).  The mean calculated yield of VC greenhouse treatments on day 241 was 
45.8 t/ha and on day 260 it was 79.80 t/ha.  On day 284, harvest day, the mean calculated 
yield of DC, DTC, DVC, GC, GTC, and GVC were 60.70, 64.70, 64.70, 38.18, 42.96, 
and 75.66 t/ha respectively; the mean of GVC was greatest of any other compost and 
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seeding treatment on day 241 and 260 compared to day 284 showing more potential for 
GVC treatments to harvest earlier by 43 days while maintaining equal or greater yield 
(Figure 3.5). 
In Experiment 2, the ANOVA wholesale margin showed no significant effect on 
compost treatment as a main factor at Bella Farm and EITF.  However, at the UVM 
Horticulture Farm there were significant differences in wholesale margin (P<0.0001; 




















Figure 3.11: Comparison of Wholesale Margin of Swiss chard on compost treatment (C, TC, VC) 
and seeding treatment (D, S) at Bella Farm (top), compost treatment at EITF (middle), and 
compost treatment at UVM (bottom). Levels not connected by same letter are significantly 
different; graphs without letters denote no significance. Significance is defined at the α=0.05. 
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CHAPTER 4: CONCLUSIONS AND IMPLICATIONS 
4.1 Experiment 1: Comparison of Greenhouse Starts vs. Directly Seeded Swiss 
Chard at Bella Farm 
4.1.1 Growth and Development 
Results indicate that compost and seeding treatments have significant effects on 
aboveground height (AGH); thus, these factors were good predictors of Swiss chard 
growth.   Directly seeded plots showed significant difference on the first sampling day, 
Julian date 195, in AGH with TC treatment being tallest (P=0.0378).  Looking at the 
individual sampling days, there was no difference found in plant height among any 
compost treatments for directly seeded plots on subsequent days.  However, for 
greenhouse starts, the VC treatment was greater than TC and C treatments on each 
sampling day (Julian dates 233, 241 and 260: P<0.0001; Julian date 284: P=0.0149; 
Figure 3.1).  The size of greenhouse starter plugs at the time of transplant had a strong 
influence on the AGH (Figure 4.1).  The advantage of height in plants started with 




Figure 4.1: Comparison on greenhouse compost treatments at 7, 21, 29 and 53 days post seeding 
greenhouse plug trays. 
Directly seeded control treatments were taller than greenhouse control treatments; 
thus, if no amendment is applied, then directly seeding Swiss chard is the better option 
for the site of Bella Farm.  For TC treatments, the direct seeded treatments were larger 
than the TC greenhouse starts on day 233 and 260 (P<0.0034, P<0.0004 respectively; Figure 
3.1).  For VC treatments, the greenhouse starts were taller than the direct seeded 
treatments on day 241 and 260 (P<0.0511, P<0.0882 respectively; Figure 3.1). 
At day 241 the height of the VC greenhouse start treatment was greater than all 
other treatments but by Day 284 (harvest date) the plant in the directly and greenhouse 
seeded VC treatments had the same height (P<0.0108; Figure 3.1); thus, Greenhouse VC 
treatments could potentially be harvested 43 days earlier and achieve similar yields with 
lower variability.   
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It was expected that root length for the greenhouse starts in the VC treatment 
would be longer than other greenhouse treatments as seen in the greenhouse study of 
Getnet and Raja (2013), but there was no significant difference when measured 
subsequently after transplant in the field.  This was surprising because it was expected 
that the VC treatment would develop greater root width and length than other treatments 
(Getnet and Raja 2013).  This increase of root branching in all VC treatments affects the 
spatial accessibility of nutrients and water throughout the soil profile; potentially 
reducing other on farm inputs of irrigation and fertilizer amendments. The observation 
that root branching was greater in the VC treatments compared to thermophilic compost 
treatments was consistent with what has been recorded in a greenhouse study by Lazcano 
et al. (2009).  
Directly seeded treatments had greater root width than greenhouse starts for all 
compost treatment comparisons (P=0.0029 for treatment C; P=0.0136 for treatment TC; 
P=0.0013 for treatment VC; Figure 3.2).  This is potentially due to the restraints on 
volume of the rooting zone in the greenhouse plug trays. 
 
4.1.2 Marketable Fresh Yield and Economics 
There was no significant difference in yield in all directly seeded treatments at 
Bella farm.  At this site and with the 2013 season’s growing conditions there was no 
difference in marketable fresh yield; however, the margin of each compost treatment was 
no different.  Therefore, there was no increased risk for the farmer using the more 
expensive vermicompost product in the field.   
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But, there was an actual economic advantage for the VC treatment in greenhouse 
start. Its yield was significantly greater than all other treatments and seeding methods on 
day 241 and 260 (P<0.0001 to P<0.0332; P<0.0001 to P<0.0711, respectively; Figure 
3.3).  And it was not much less on these date than at harvest. Thus giving it a 43 day 
earlier maturation date which translates into greater margins when the Swiss chard is 
harvested on day 243. This is particularly true in Vermont where a short growing season 
may limit the number of field crops that can be grown.  From a farmer’s perspective the 
greenhouse VC treatment produced a more uniform (lower variability), and thus more 
predictable, crop yield. This may be equally important as the increased yield because 
variability introduces economic risk. 
 
4.1.3 Environmental Analysis 
ANOVA indicates that there was no significant difference between directly 
seeded and greenhouse start plots for residual soil inorganic nitrogen parameters NH4-N, 
NO3-N and TIN) at Bella Farm on each of the sampling dates (Figure 3.10).  ANOVA of 
NH4-N, NO3-N, and TIN showed no differences of compost treatment on each sampling 
day at Bella Farm for soil water inorganic nitrogen.   At Bella Farm on the two sampling 





4.2 Experiment 2: Evaluation of Directly Seeded Swiss Chard at Bella Farm, 
EITF, and UVM Horticulture Research Center  
4.2.1 Growth and Development 
ANOVA indicates that VC treatments at EITF and at the UVM Horticulture Farm 
had a higher germination rate compared to both the TC and C treatments (P<0.0596, 
P<0.0221 respectively; Figure 3.5).  There was no significant difference in germination 
rate among treatments at Bella Farm. However, in the final analysis of yield this is not 
important since each plot was thinned to the same plant spacing and total plant count per 
plot. Germination rate should not have affected the crop yield per unit area.  
At Bella Farm, the clay soil may have maintained more uniform moisture levels 
than at the other two sites. At UVM, soils were a very droughty sandy loam and the 
banded application of vermicompost may have helped maintain greater moisture. This 
may have been so because of the more uniform particle size of the vermicompost and 
thus a more uniform application than for thermophilic compost, which had a wide range 
of particle size including large wood chips (5-8 cm size). As a result the application of 
TC was less uniform resulting in localized variation in water holding capacity. 
Only one determination of plant height was made at UVM on Day 260 and an 
ANOVA of AGH shows significant effects  (P=0.0012; Figure 3.6) of VC treatments 
being greater than both TC and C treatments. At EITF and Bella, TC and VC treatments 
were significantly taller (P<0.0071) than the C treatment on the first sampling day, Day 
197 and 195 respectively; however, there was no difference in TC and VC.  At EITF and 
Bella Farm there were no significant differences in aboveground growth at each of the 
sampling days beyond the first sampling day. 
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Belowground growth data was collected only at EITF and Bella Farm.  There was 
no significant difference in any root growth parameters (root length, root width, and root 
branching) for these directly seeded plots.   The difference in soil type at UVM being a 
sandy loam may have provided varying results; unfortunately no data was collected at 
that site. 
 
4.2.2 Marketable Fresh Yield and Economics 
The growing period from seeding to harvest at Bella was 113 days, at EITF was 
105 days and at UVM was only 63 days. Marketable fresh weight of directly seeded 
Swiss chard showed a significant effect of compost treatment at UVM (P<.0001; Figure 
3.8).  The 2013 season’s growing conditions at EITF and Bella Farm resulted in no 
difference in marketable fresh yield by compost treatment; however, the margin of each 
compost treatment was no different.  Therefore, there was no increased risk for the farmer 
using the more expensive vermicompost product in the field.   
The significant effect of the VC treatment at UVM was likely due to the variation 
in soil qualities.  Much of the shorter growing period (63 days), resulting from later 
planting date, at UVM was during a drought peirod which coincided with primary 
developmental plant stages in early growth.  The increased germination rate (higher plant 
count) and better drought tolerance in VC treatments at UVM can directly correspond to 
greater overall yield within the shorter growing season. We should note that early on 
weed pressures were much greater in the VC treatment at UVM. Both the crop and weeds 




4.2.3 Environmental Analysis 
Soil and soil-water inorganic nitrogen data was not collected at the UVM 
Horticulture Research Center.  There was no significant difference between compost 
treatments of directly seeded plots for residual soil inorganic nitrogen parameters (NH4-
N, NO3-N and TIN) at Bella Farm and EITF on each of the sampling dates (Figure 3.10).  
At Bella Farm there was no difference in compost treatment on any soil-water inorganic 
nitrogen parameters; therefore, at Bella Farm, on the two sampling days there is evidence 
to suggest that there is no increased environmental risk of using vermicompost.  The clay 
soil likely limits excess leaching to ground water as a more porous soil may do.  On Day 
230, a significant difference in soil-water NO3-N and TIN at EITF was found with the 
greatest amounts of NO3-N and TIN (P=0.0381, P=0.0376 respectively; Figure 3.11) 
measuring from VC treatments.   EITF was located on a floodplain silt loam and may 
pose a threat to lose of soluble inorganic nitrogen to ground water.   
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CHAPTER 5: FUTURE DIRECTIONS OF RESEARCH 
 5.1 Future Directions of Research  
The economic cost-benefit analysis of vermicompost can simply be broken down 
into inputs and outputs; what is the cost of the material going into the system and what is 
the output leaving the system (sales).  However, in any cropping system there are 
multiple variables (direct and indirect) to monitor and analyze to get a sound 
understanding of economic inputs and outputs.  Direct variables include the required 
nutrient content to meet crop needs (fertility amendments), the cost of material, means of 
application, time of production/plant development and yield. Indirect variables would 
affect or be affected by the amendment but not directly associated with amendment costs 
and yield, for example: soil quality, irrigation, disease/pest management, cultural 
practices (legume cover crop rotations, tillage practices, etc.) and environmental risks.  
All of these variables must be taken into consideration when determining the usefulness 
of vermicompost as a nitrate amendment in New England.   
It is important to research the source of compost to understand how quality 
control is monitored and maintained in the production of vermicompost or any other 
organic amendment.  Getting a consistent, stable, quality product must be trusted by the 
manufacturer to the farmer.  Understanding how the amendment is produced and with 
what raw materials is crucial in replicating high quality soil amendments.  Quality control 
on farm can be done by germination tests, rate of development monitoring, and integrated 
pest management monitoring done consistently on the farm to ensure that the quality of 
product being purchased is meeting the needs of the farmer. 
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Future directions of research should include complete economic analysis of direct 
and indirect variables quantifying time and costs to purchase and perform different 
objectives in achieving the highest margin.  Factors of irrigation costs and rates should be 
analyzed to see what is required for the farmer to achieve higher margins.  Also, studying 
the long-term fertility of a specific site when compost is applied over serval seasons will 
be beneficial to track soil health overtime in conjunction with best management cultural 
practices.  Perhaps a lower quality soil can see benefits quicker in increasing organic 
matter and the activity of soil microbes aiding in faster mineralization rates.  This 
inoculation of microbes via field applications of vermicompost may aid in the first few 
years at a poorly managed site, but it may only take a few seasons to revive the soil life 
and less product will be necessary as the soil quality increases overtime.  Inputs for 
ecological management can be measured by labor time and equipment/usage costs (cover 
crop seeds, tractor use, manual laborers, pest/disease inputs, etc.) while outputs are seen 
as ecological services.   
The advantages and disadvantages must be compared for specific sites and 
management practices to determine the overall usefulness of vermicompost as a soil 
amendment in organic vegetable production. Understanding soil-water-crop interactions 
is economically important to track and analyze your inputs into the farm system.  Poorly 
managed or low quality soils may benefit more from the use of vermicompost as a field 
applied soil amendment.  On the other hand, the use of vermicompost as a potting 
medium for commercial plug production shows great potential in low or high quality soil; 
however, further research is needed to determine the site and cultural specific 
applications of vermicompost for organic vegetable production. 
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Future studies can include the efficacy of VC as a starter amendment and 
monitoring the benefit in succession crops throughout the growing season to increase 
harvest rates in shorter times, thus yielding a more diverse harvest.   
 
5.2 Implications for the Farmer 
The first step to develop an efficient and appropriate waste management plan is to 
understand the incorporated technologies and potential sources to benefit from solving 
these problems.  Vermicompost poses yet another asset to offset organic waste to 
landfills, create jobs, and provide agricultural resources to the booming organic 
agriculture sector in Vermont.  Organic farming in the past has relied on Chilean Nitrate 
as a readily available source of nitrogen for early season plant uptake.  This early uptake 
is vital to maximize the length of the growing season in our northern climate not only due 
to day light and temperatures, but also to wet conditions that may slow the of release 
nutrients over time.  In order to ensure sufficient plant maturity and maximize crop 
outputs every potential resource to lengthen the growing season or allow for more rapid 
plant development must be taken into account. 
The agricultural industry in Vermont is also driven by large dairy operations.  
Vermicompost may be an appropriate technology to convert manure and bedding into a 
viable agricultural soil amendment with multiple benefits toward soil and the 
environment.  Another  important avenue for the farming community opens itself to 
larger commercial plug production operations.  Benefits of starting plants in the 
greenhouse and subsequently planting in field boost the development rate of succession 
crops (lettuce, herbs, etc.) allowing for more harvests in one season.  It is as if you are 
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telling a hay producer that instead of 2 cuttings per season you could get up to 5 with 
each of sufficient volume. 
The use of vermicompost can be of benefit in many ways to the New England 
farmer.  Dealing with smaller quantities of material at higher fertility rates lowers labor 
costs as well as overhead and time spent to work with 21 t/ha of VC compared to 65 t/ha 
of TC.  Field application of vermicompost has the potential to provide economic benefits 
for organic growers of Swiss chard.  These economic benefits can be seen directly by 
offsetting costs of inputs with increased yields as well as indirectly by farm-to-consumer 
marketability and additional cultural practices.    The smaller quantity of VC also affects 
soil quality in hauling lighter loads on site and therefore lowering the risk of soil 
compaction. 
Costs of inputs and marketable yield analysis were discussed previously. Other 
potential advantages include overall crop insurance by increasing plant tolerance to 
environmental stresses, lessened irrigation inputs, lessened damage by pests and diseases 
(Arancon et al. 2007, Boulter-Bitzer et al. 2006, Gopal et al. 2009), increased soil health, 
increased rate of plant development (Atiyeh et al. 2000), and increased marketability.  
The low variability in aboveground height of this study, reveals that yield and margin of 
VC treatments poses lower risk and increased crop assurance regardless of previous site 
history.  The high price of the product can be relieved by the comfort of knowing that 
despite unforeseen environmental stresses during the growing season can be insured by 
using VC.  Each of these benefits is a strong variable that affect the farm operations and 
overhead costs both short-term and long-term. 
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A healthy looking plant with minimal blemishes is more desired by the consumer. 
Crop insurance can be tested by monitoring the environmental stresses (drought, floods, 
wind, etc.) and assessing plant damage and consumer desirability at market. The benefit 
of drought tolerance has potential to lessen irrigation inputs, which can be measured 
simply by quantifying the costs of supplying water to meet the crop needs.  
Vermicompost’s ability to increase the water holding capacity of the soil is due to its 
physical structure and increased organic matter (Lavelle and Spain, 2001; Lavelle et al 
2006).  Also, by amending the soil with vermicompost, you increase the biology at the 
soil surface, which has the ability to maintain a healthy food web that can self-regulate 
plant diseases and stresses of pest damage (Arancon et al. 2005, 2007; Edwards 2007; 
Edwards et al. 2009; Enami et al. 2001; Yardim et al. 2006).  Disease is often caused 
from an access point of damaged plant tissue; the faster a plant heals from damage or the 
more tolerable of stresses the plant has, the less susceptibility it has to develop diseases. 
Frequent scouting of field conditions that quantify presence and capacity of disease or 
pest damage can be analyzed in an integrated pest management plan by following Best 
Management Practices. 
 By promoting the overall soil health, vermicompost shows potential 
environmental benefits of mitigating nutrient losses, increasing biological activity and 
maintaining a sustainable farming system.  These environmental benefits may not directly 
affect the costs of inputs or outputs, but the overall health of the soil provides long-term 
benefits by retaining and recycling nutrients lessens the need for supplementation in the 
future. Soil health can be measured in the lab by analyzing multiple soil quality indicators 
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including labile carbon, soil texture, organic matter, cation exchange capacity and 
nutrient composition.  
Above all advantages, the use of vermicompost in New England offers a fast-
acting nutrient amendment to crops. The timely rate of plant development shows great 
potential to be the first to market with fresh produce in the spring when other farms are 
still waiting to transplant.  Having your blemish-free produce first to the farmers market 
is great for your brand and ‘sellability’.  This can be tested by tracking the time from 
sowing to harvest as well as how many harvests can be turned over in succession 
plantings; when one could get two harvests in a season, now with vermicompost you 
could get three or more.   
Time management is a great skill required by successful farmers.  By maximizing 
outputs of product with minimal additional inputs, one could verify the benefit of 
vermicompost by measuring the amendment input costs, tracking the rate of 
development, and discerning how soon to market the product can go. Market analysis can 
be administered as a public poll or farmer questionnaire to assess the potential demand 
for worm-produced or non-Chilean nitrate produced vegetables. Developing market 
incentives such as “first to market”, plants develop in less time increasing number of 
succession plantings and yield in a shorter season, reduced mining of international non-
synthetic fertilizer and “Local Worm-Grown Organic Produce” increase incentives for 
the farmer-consumer interactions and marketability of a brand.    
It is important to understand the market variability to meet the farmer’s needs of 
offsetting costs with appropriately priced goods; one can look into archived information 
through the USDA’s Economic Research Service that looks at trends in market prices of 
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varying organic vegetables (http://www.ers.usda.gov/data-products/organic-
prices.aspx#.UztPUNwk_nc) or visit the local farmers market for relative pricing. 
The advantages of using vermicompost do come with some disadvantages.  The 
high costs of vermicompost at ~$400/ poses a high risk for the farmer. Standing water is 
a threat to farms and was seen in the growing season of 2013 at EITF and throughout the 
region; certain plants were by law unable to be sold due to high risk of human health 
contaminants such as E. coli and Salmonella. With the high cost of input there is a greater 
risk for losing some or all of your outputs that would offset your expenses.  Also, the 
high solubility of nitrate is a potential threat of losing the valuable nutrient due to 
leaching to groundwater or to runoff to surface water; timing of nutrient inputs is 
necessary to ensure that the uptake of nutrients occurs at the time of rapid plant 
development to feed the crop as needed and not the weeds.  Establishing a risk 
management plan for a specific site that accounts for flood risk will help determine if the 
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Table 3.1: July 16, 2013 (Julian Day 195) Data for Bella Farm.  Table shows Aboveground 
Height (AGH), Germination Rate (GR) and Calculated Yield (CY). 
Plot Seeding Treatment AGH 
(cm) 
GR (%) CY (t/ha) 
1 D VC 6.10 63.51 -81.62 
4 D C 7.06 64.86 -79.27 
6 D TC 8.65 79.73 -75.37 
7 D VC 9.21 58.11 -74.00 
8 D TC 11.11 91.89 -69.34 
12 D C 4.55 32.43 -85.42 
14 D TC 8.07 79.73 -76.79 
16 D VC 11.00 79.73 -69.61 
17 D C 6.93 82.43 -79.59 
19 D TC 10.98 90.54 -69.66 
22 D C 6.10 60.81 -81.62 
23 D VC 7.83 98.65 -77.38 
 
Table 3.2: July 31, 2013 (Julian Day 210) Data for Bella Farm. Table shows Aboveground 
Height (AGH) and Calculated Yield (CY). 
Plot Seeding Treatment AGH (cm) CY (t/ha) 
1 D VC 16.54 -56.02 
4 D C 18.87 -50.31 
6 D TC 23.93 -37.90 
7 D VC 24.18 -37.29 
8 D TC 27.54 -29.05 
12 D C 10.96 -69.71 
14 D TC 20.59 -46.09 
16 D VC 27.87 -28.24 
17 D C 21.10 -44.84 
19 D TC 25.80 -33.32 
22 D C 15.63 -58.26 









Table 3.3: August 24, 2013 (Julian Day 233) Data for Bella Farm. Table shows 
Aboveground Height (AGH), Root Length (RL), Root Width (RW), Root Branching (RB) and 
Calculated Yield (CY). 
Plot Seeding Treatment AGH (cm) RL (cm) RW (mm) RB CY (t/ha) 
1 D VC 39.93 23.20 3.70 2.67 1.33 
2 G C 19.30 24.40 1.00 3.67 -49.26 
3 G VC 49.40 24.93 1.70 15.33 24.55 
4 D C 45.00 32.20 5.00 5.00 13.76 
5 G TC 24.70 25.10 2.00 2.67 -36.02 
6 D TC 36.30 24.47 4.30 3.33 -7.57 
7 D VC 44.50 26.23 4.00 8.00 12.53 
8 D TC 50.13 35.80 4.30 4.00 26.34 
9 G VC 49.23 28.07 2.70 13.67 24.13 
10 G C 22.27 24.57 1.70 4.67 -41.97 
11 G TC 26.20 28.07 1.30 5.67 -32.34 
12 D C 26.33 16.73 3.00 4.67 -32.02 
13 G TC 25.03 18.53 3.70 2.33 -35.21 
14 D TC 36.23 24.37 4.70 3.33 -7.74 
15 G VC 45.10 27.73 1.70 20.00 14.01 
16 D VC 44.50 33.17 4.00 7.67 12.53 
17 D C 47.60 24.87 5.30 2.33 20.14 
18 G C 21.93 22.50 1.30 3.33 -42.81 
19 D TC 43.70 28.60 3.30 7.00 10.57 
20 G VC 40.10 28.47 1.70 10.00 1.75 
21 G TC 26.97 21.90 2.30 2.33 -30.45 
22 D C 33.67 21.20 5.00 2.00 -14.02 
23 D VC 44.43 22.87 5.30 4.00 12.36 












Table 3.4: September 2, 2013 (Julian Day 241) Data for Bella Farm.  Table shows 
Aboveground Height (AGH) and Calculated Yield (CY). 
Plot Seeding Treatment AGH (cm) CY (t/ha) 
1 D VC 36.98 -5.91 
2 G C 26.82 -30.82 
3 G VC 59.40 49.07 
4 D C 40.94 3.80 
5 G TC 38.70 -1.69 
6 D TC 37.52 -4.58 
7 D VC 49.82 25.58 
8 D TC 52.36 31.81 
9 G VC 55.72 40.05 
10 G C 36.42 -7.28 
11 G TC 34.04 -13.11 
12 D C 40.32 2.28 
13 G TC 34.72 -11.45 
14 D TC 44.26 11.95 
15 G VC 60.64 52.11 
16 D VC 52.40 31.90 
17 D C 58.08 45.83 
18 G C 34.36 -12.33 
19 D TC 51.04 28.57 
20 G VC 56.56 42.11 
21 G TC 34.28 -12.53 
22 D C 48.70 22.83 
23 D VC 53.92 35.63 













Table 3.5: September 21, 2013 (Julian Day 260) Data for Bella Farm.  Table shows 
Aboveground Height (AGH) and Calculated Yield (CY). 
Plot Seeding Treatment AGH (cm) Calculated Yield (t/ha) 
1 D VC 47.88 20.82 
2 G C 45.98 16.16 
3 G VC 73.64 83.99 
4 D C 49.62 25.09 
5 G TC 51.86 30.58 
6 D TC 68.52 71.43 
7 D VC 65.26 63.44 
8 D TC 66.92 67.51 
9 G VC 70.32 75.84 
10 G C 54.94 38.13 
11 G TC 55.26 38.92 
12 D C 55.08 38.48 
13 G TC 51.46 29.60 
14 D TC 66.32 66.04 
15 G VC 70.42 76.09 
16 D VC 70.86 77.17 
17 D C 72.80 81.93 
18 G C 50.18 26.46 
19 D TC 61.46 54.12 
20 G VC 73.34 83.25 
21 G TC 54.36 36.71 
22 D C 66.56 66.63 
23 D VC 63.10 58.14 













Table 3.6: October 15, 2013 (Julian Day 284) Data for Bella Farm. Table shows 
Aboveground Height (AGH), Yield, Margin (Income – Cost) and Calculated Yield (CY). 
Plot Seeding Treatment AGH (cm) Yield (t/ha) Margin ($) CY (t/ha) 
1 D VC 51.88 36.21 88585.25 30.63 
2 G C 53.98 30.91 85190.92 35.77 
3 G VC 66.93 89.71 236000.82 67.53 
4 D C 59.63 52.07 143505.46 49.63 
5 G TC 60.01 48.45 130096.90 50.56 
6 D TC 55.31 47.83 128411.51 39.04 
7 D VC 70.36 66.02 170719.99 75.94 
8 D TC 77.96 102.18 278186.63 94.58 
9 G VC 58.00 89.67 235888.46 45.64 
10 G C 52.76 33.36 91932.48 32.79 
11 G TC 56.92 46.86 125714.89 42.99 
12 D C 60.66 46.04 126876.27 52.16 
13 G TC 54.00 24.02 62793.61 35.83 
14 D TC 72.38 60.23 162568.78 80.90 
15 G VC 76.74 57.33 146787.43 91.59 
16 D VC 73.40 126.48 337349.02 83.40 
17 D C 68.78 88.81 244741.31 72.07 
18 G C 61.24 21.74 59910.05 53.58 
19 D TC 57.44 39.97 106726.14 44.26 
20 G VC 79.30 93.58 246674.96 97.86 
21 G TC 56.70 40.78 108973.33 42.45 
22 D C 67.50 58.64 161595.33 68.93 
23 D VC 67.42 74.66 194540.19 68.73 













Table 3.7: August 24, 2013 (Julian Day 233) Data for Bella Farm.  Table shows Soil (S) 
NH4-N (mg/kg), Soil (S) NO3-N (mg/kg), Soil (S) Total Inorganic Nitrogen (TIN mg/kg), Soil 
Water (SW) NH4-N (mg/L), Soil Water (SW) NO3-N (mg/L), and Soil Water (SW) Total Inorganic 
Nitrogen (TIN mg/L). 











23	   D VC 4.71	   0.88	   5.59    
3	   G VC 4.77	   4.46	   9.23 0.28	   85.70	   85.98 
6	   D TC 2.83	   2.07	   4.90    
15	   G VC 3.97	   2.88	   6.85    
10	   G C 2.98	   4.30	   7.28    
9	   G VC 2.71	   3.01	   5.72    
20	   G VC 2.70	   5.14	   7.84    
19	   D TC 3.22	   1.36	   4.58    
2	   G C 5.21	   4.31	   9.52    
22	   D C 4.14	   0.66	   4.80    
14	   D TC 2.51	   1.36	   3.87 -­‐0.07	   0.30	   0.23 
5	   G TC 2.72	   9.53	   12.25    
11	   G TC 2.65	   6.12	   8.77 -­‐0.07	   4.98	   4.91 
4	   D C 2.48	   1.57	   4.05    
21	   G TC 3.23	   3.47	   6.70 0.58	   42.90	   43.48 
1 D VC 5.80	   11.15	   16.95    
7 D VC 4.49	   22.25	   26.74    
24 G C 6.95	   9.20	   16.15 0.12	   0.93	   1.05 
18 G C 5.05	   17.20	   22.25 0.52	   84.00	   84.52 
13 G TC 4.99	   17.65	   22.64 0.01	   16.60	   16.61 
16 D VC 6.00	   7.20	   13.20    
8 D TC 6.30	   7.25	   13.55    
12 D C 8.35	   18.25	   26.60    










Table 3.8: October 15, 2013 (Julian Day 284) Data for Bella Farm.  Table shows Soil (S) 
NH4-N (mg/kg), Soil (S) NO3-N (mg/kg), and Soil (S) Total Inorganic Nitrogen (TIN mg/kg). 
Plot Seeding Treatment S NH4-N  S NO3-N  S TIN 
22 D C 4.72	   9.15	   13.87 
20 G VC 4.94	   40.65	   45.59 
12 D C 8.80	   11.65	   20.45 
14 D TC 8.70	   43.75	   52.45 
13 G TC 4.98	   1.32	   6.30 
19 D TC 13.05	   9.40	   22.45 
5 G TC 21.20	   19.15	   40.35 
15 G VC 19.90	   19.10	   39.00 
11 G TC 3.03	   45.90	   48.93 
10 G C 2.43	   19.80	   22.23 
16 D VC 5.60	   50.50	   56.10 
17 D C 3.47	   10.00	   13.47 
8 D TC 3.47	   10.00	   13.47 
21 G TC 2.92	   30.00	   32.92 
24 G C 3.37	   32.35	   35.72 
6 D TC 4.41	   51.00	   55.41 
18 G C 6.00	   11.00	   17.00 
9 G VC 3.11	   5.85	   8.96 
1 D VC 2.32	   20.65	   22.97 
4 D C 2.07	   23.00	   25.07 






Table 3.9: July 18, 2013 (Julian Day 197) Data for EITF.  Table shows Aboveground 
Height (AGH) and Germination Rate (GR). 
Plot Seeding Treatment AGH (cm) GR (%) 
1 D C 6.81 54.17 
2 D TC 10.81 70.83 
3 D VC 12.14 81.94 
4 D VC 11.3 68.06 
5 D TC 8.94 75.00 
6 D C 9.6 50.00 
7 D TC 11.46 63.89 
8 D VC 12 80.56 
9 D C 9.38 65.28 
10 D VC 10.66 73.61 
11 D TC 10.8 58.33 
12 D C 7.1 54.17 
 
 
Table 3.10: August 1, 2013 (Julian Day 210) Data for EITF.  Table shows Aboveground 
Height (AGH). 
Plot Seeding Treatment AGH (cm) 
1 D C 23.24 
2 D TC 27.84 
3 D VC 27.72 
4 D VC 46.58 
5 D TC 30.75 
6 D C 35.44 
7 D TC 29.36 
8 D VC 24.87 
9 D C 28.99 
10 D VC 27.59 
11 D TC 31.87 






Table 3.11: August 21, 2013 (Julian Day 230) Data for EITF.  Table shows Root Length 
(RL), Root Width (RW) and Root Branching (RB). 
Plot Seeding Treatment RL (cm) RW (mm) RB 
1 D C 20.73 2.67 2.33 
2 D TC 22.50 4.00 3.33 
3 D VC 24.23 3.33 1.67 
4 D VC 26.27 3.67 5.33 
5 D TC 23.10 3.00 5.00 
6 D C 20.73 4.33 2.33 
7 D TC 22.50 3.00 4.67 
8 D VC 18.50 4.33 4.00 
9 D C 21.73 3.33 5.00 
10 D VC 24.47 4.00 2.33 
11 D TC 23.10 4.00 1.67 




Table 3.12: August 31, 2013 (Julian Day 240) Data for EITF.  Table shows Aboveground 
Height (AGH). 
Plot Seeding Treatment AGH (cm) 
1 D C 39.12 
2 D TC 40.96 
3 D VC 44.74 
4 D VC 48.92 
5 D TC 57.24 
6 D C 55.32 
7 D TC 47.50 
8 D VC 42.94 
9 D C 31.66 
10 D VC 49.18 
11 D TC 59.56 






Table 3.13: September 21, 2013 (Julian Day 260) Data for EITF. Table shows 
Aboveground Height (AGH). 
Plot Seeding Treatment AGH (cm) 
1 D C 52.72 
2 D TC 51.14 
3 D VC 60.06 
4 D VC 65.70 
5 D TC 66.68 
6 D C 69.20 
7 D TC 61.44 
8 D VC 59.70 
9 D C 54.32 
10 D VC 65.92 
11 D TC 64.20 
12 D C 54.86 
 
 
Table 3.14: October 12, 2013 (Julian Date 281) Data for EITF. Table shows Aboveground 
Height (AGH), Margin (Income – Cost) and Yield. 
Plot Seeding Treatment AGH (cm) Margin ($) Yield (t/ha) 
1 D C 51.90 151527.92 54.99 
2 D TC 61.52 166164.28 61.53 
3 D VC 60.22 158854.83 61.71 
4 D VC 64.44 211506.46 80.82 
5 D TC 71.66 205467.61 75.80 
6 D C 69.46 330741.21 120.02 
7 D TC 72.76 266523.72 97.95 
8 D VC 68.87 235978.34 89.70 
9 D C 56.06 146831.30 53.28 
10 D VC 71.52 240180.59 91.22 
11 D TC 73.30 363175.30 133.02 






Table 3.15: August 21, 2013 (Julian Date 230) Data for EITF.  Table shows Soil (S) NH4-N 
(mg/kg), Soil (S) NO3-N (mg/kg), Soil (S) Total Inorganic Nitrogen (TIN mg/kg), Soil Water (SW) 
NH4-N (mg/L), Soil Water (SW) NO3-N (mg/L), and Soil Water (SW) Total Inorganic Nitrogen 
(TIN mg/L). 













6	   D C 1.96	   1.96	   3.92    
10	   D VC 2.13	   4.66	   6.79    
2	   D TC 3.16	   2.22	   5.38 0.19	   -­‐0.02	   0.17 
8	   D VC 4.69	   2.09	   6.78 1.41	   20.30	   21.71 
3	   D VC 2.31	   2.48	   4.79    
12	   D C 2.52	   3.00	   5.52    
5	   D TC 2.69	   2.31	   5.00 1.23	   0.17	   1.40 
7	   D TC 3.77	   1.90	   5.67 0.08	   0.10	   0.18 
1	   D C 3.11	   1.75	   4.86 0.47	   4.01	   4.48 
11	   D TC 2.72	   1.87	   4.59 1.48	   4.17	   5.65 
4	   D VC 2.25	   2.16	   4.41    






Table 3.16: October 12, 2013 (Julian Day 281) Data for EITF.  Table shows Soil (S) NH4-N 
(mg/kg), Soil (S) NO3-N (mg/kg), Soil (S) Total Inorganic Nitrogen (TIN mg/kg), Soil Water (SW) 
NH4-N (mg/L), Soil Water (SW) NO3-N (mg/L), and Soil Water (SW) Total Inorganic Nitrogen 
(TIN mg/L). 











5 D TC 3.51	   24.15	   27.66 0.03	   -­‐0.11	   -0.08 
2 D TC 3.08	   22.95	   26.03 -­‐0.07	   -­‐0.03	   -0.10 
8 D VC 3.34	   17.55	   20.89 0.40	   12.50	   12.90 
3 D VC 6.15	   20.70	   26.85    
7 D TC 8.95	   12.80	   21.75 0.35	   0.11	   0.46 
10 D VC 11.20	   25.00	   36.20    
6 D C 2.51	   15.80	   18.31    
4 D VC 4.07	   16.90	   20.97    
1 D C 5.45	   15.85	   21.30 0.00	   2.47	   2.47 
9 D C 5.45	   6.40	   11.85 0.36	   26.80	   27.16 
11 D TC 2.26	   29.75	   32.01    
12 D C 5.10	   19.60	   24.70    
 
 
Table 3.17: September 21, 2013 (Julian Day 260) Data for UVM. Table shows 
Aboveground Height (AGH) and Germination Rate (GR). 
Seeding  Treatment Plot AGH (cm) GR (%) 
D C 1 4.86 50.00 
D C 4 4.14 47.30 
D C 7 6.13 59.46 
D C 11 1.69 48.65 
D TC 2 8.37 58.11 
D TC 6 5.41 55.41 
D TC 9 4.64 41.89 
D TC 12 3.08 44.59 
D VC 3 9.30 60.81 
D VC 5 12.24 63.51 
D VC 8 11.75 60.81 





Table 3.18: October 15, 2013 (Julian Day 284) Data for UVM.  Table shows Margin 
(Income – Cost) and Yield. 
Seeding	   Treatment	   Plot	   Margin	  ($)	   Yield	  (t/ha)	  
D C 1 5,710.11 2.07 
D C 4 5,191.01 1.88 
D C 7 3,485.39 1.26 
D C 11 0.00 0.00 
D TC 2 8,629.62 4.37 
D TC 6 11,941.98 5.57 
D TC 9 1,980.19 1.96 
D TC 12 17,726.24 7.67 
D VC 3 21,120.15 11.73 
D VC 5 31,576.32 15.53 
D VC 8 19,908.92 11.29 






























Figure 5.2: Weather History Data for EITF from June 27, 2013 to October 12, 2013. 
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